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AN EXPERIMENT ON IMPULSE EXCITATION*
BY
JOHN H. MORECROFT
(ASSOCIATE PROFESSOR IN ELECTRICAL ENGINEERING, COLUMBIA UNIVERSITY,
NEW YORK CITY)
The question of how much current will flow in a given circuit,
when it is excited by impulse excitation, is capable of mathe-
matical analysis by the application of Fourier's Integral, or other
methods, providing the shape of the exciting pulse is given.
However, an experimental analysis is always worth while as
a verification of the theoretical conclusions.
Atmospherics (strays or static) are undoubtedly a kind
of pulse; certain experiments seem to show that these atmos-
pheric pulses are sometimes oscillatory, with rather high damp-
ing, but the probability is that most of the disturbance from
static is due to unidirectional pulses impressed on the antenna
by sudden motions of electricity, either in the atmosphere or in
the earth. With the idea of showing how a unidirectional pulse
affects an oscillatory circuit, an experiment was carried out with
the circuit arranged as shown in Figure 1.
FIGURE 1
The oscillating circuit was made up of a coil of 0.206 henry
and condenser of 20 microfarads, having a natural frequency
of 78.6 cycles per second. A battery B was arranged to cause
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current to flow thru the resistance R when the switch S was
closed. This switch was so built that its time of contact could
be varied from about 0.002 second to any longer time desired.
The resistance of R was 0.01 ohm.
Another resistance was put in the circuit at R', the value of
this being about 5 ohms. The resistanice R was made low so
that the current thini it from the battery would be very much
larger than the currenit in the oscillatory circuit, to keep the
current from the battery constant whatever the form of the
current in the oscillatory circuit. The current from the battery
was 10 amperes wlile the current in the oseillatory- circuit was
only a fraction of an ampere.
The voltage inmpiessed in the oscillating circuit by the bat-
terv is the IR drop thru the resistance R and the form and dura-
tion of this current was obtained by one vibrator of the oscillo-
graph heing connected across the points a-b. Another vibrator
connected across the termllinals of the resistance R' gave the form
of the eurrent in the oscillatory circuit.
Films were taken for various times of contact of the switch
S, fromii the shortest timie possible to somewhat greater than the
natural period of the circuit. Several of the films are given in
Figures 2-5; they show the form of pulse used for excitation and
also the miiagiiitudle of the resulting current. It is also pos-
sible to obtain at onee from the film the ratio of the pulse dura-
tion to the natural period of the eircuit. For the longer pulses
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the formll approxitm1ates a rectangle, but the shiotest onels (the
cOrIIrs of the pulse being absent) have a formln moie like sine
nW "e.
FIGOr E 4
The amplitudes of the first and second alternations of the
oscillating current were measured and these values plotted in
the form of a curve, using as abscissas the ratio of the pulse length
to the natural period of the circuit. These values are given
FIGURE 5
in Figure 6. It is seen that for the shortest time used the ampli-
tude of the first and second alternations are practically the same
and that the amplitude of the first alternation does not increase
after the pulse has a length equal to one quarter of a cycle. As
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FIGuRE 6
the pulse was lengthened the amplitude of the second alterna-
tion increased until the pulse length was equal to practically
one-half the natural period of the oscillating circuit. If the
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decrement of the circuit had been lower the greatest amplitude
would have been produced by a pulse somewhat longer than that
which did actualiy give the greatest amplitude in the test.
For pulses lasting longer than one-half period the amplitude
of the second alternation decreases until it has that value which
is fixed by the amplitude of the first alternation and the decre-
ment of the circuit; for any longer pulse the amplitude of the
first and second alternations are not affected.
It is seen therefore that the greatest disturbance is pro-
duced in an oscillatory circuit by a rectangular pulse when this
pulse has a duration equal to one-half the natural period of the
circuit.
The complex form of current occurring in an oscillatory
circuit as a result of irregularly timed pulses, of various dura-
tions, is shown in Figures 7 and 8; if this form of excitation oc-
FIGURE 7
curs at very short intervals of time, the frequency of the oscil-
lating circuit being above audibility, the resulting noise heard
in the phones of a coupled circuit (such as the ordinary closed
circuit of a receiving circuit) would be the scratchy noise known
as static.
It is to be noted that the pulse of emf. shown in Figures 3-8
was introduced directly into the oscillating circuit. I mention
this point because incorrect conclusions might be drawn if it
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were supposedl that the results were applicable to shock excita-
tion in which a pulse of current in one circuit is utilized to excite
oscillations in another magnetically coupled to it.
FIGURE 8
If a square pulse of current (of form similar to the emf.
pulse of Figures 3-8) is allowed to flow in a primary circuit it
will not generate oscillations in the coupled circuit in agreement
with the conclusions reached above. This is due to the fact
that a square current pulse in one circuit will not generate a
square emf. pulse in a coupled circuit, but a very different form
of pulse. Figure 9 shows about what would oecur; a trapezoidal
form of current in the primary circuit would induce in the sec-
ondary circuit two very short pulses of emf., these two pulses
being in opposite directions. Hence the action of such a cur-
rent pulse in the primary, in so far as producing current in the
secondary is concerned, is the same as tho two very short pulses
of emf. were introduced directly into the secondary circuit,
the two pulses being in opposite directions and separated by
a time about equal to the length of current pulse in the primary
circuit.
Since the above notes on impulse excitation were written
the author attended a meeting of THE INSTITUTE OF RADIO
ENGINEERS at which another phase of impulse excitation was
brought up and on which there is apparently some difference of
opinion.
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If a so-called infinite impedance circuit is us3d in an antenna
for weeding out a certain frequency, how well will this circuit
weed out pulses, or, what amounts to the same thing, how well
will it prevent interference from a damped wave station? Sup-
FIGURE 9
pose an inductance, L, and a condenser, C, are connected in
parallel as indicated in Figure 10; then if the antenna is excited
by a signal of the same frequency as that for which the parallel
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circuit is tuned, it is shown in many text books that the impedance
offered by this parallel path is resistance only and its value is
equal to the actual resistance of the coil multiplied by the square
of the ratio of the coil reactance to the coil resistance, this on
the assumption that the condenser resistance is negligible. This
impedance may be thousands of times as much as the resistance
of the coil; thus if the coil has an actual resistance of 5 ohms and
a reactance-to-resistance ratio of 200, (a quite possible figure),
the impedance between the points A-B is 200,000 ohms, for the
steady state of an alternating current of the proper frequency.
Now the question arises, will this circuit act towards a pulse
with such a high impedance, and of course the answer is No.
Suppose the critical frequency of the parallel circuit is 100,000
cycles and to make the analysis as simple as possible let an emf.
pulse be impressed on the antenna, the pulse being sinusoidal in
form and lasting 0.000,005 second. This assumption makes the
pulse the same shape as one alternation of that emf. for which
the parallel path offers such a high impedance; it seems evident
that such a pulse will produce less current thru the circuit than
any other form. If the pulse is not sinusoidal in form it may be
resolved (according to a quite generally accepted idea) by a
Fourier's analysis, and the different members of the series ob-
tained may be treated separately. Thus the sinusoidal pulse
assumed may be considered as the result of such an analysis of
a more complex pulse.
The current flowing in the antenna as the result of excitation
by such a shaped pulse is shown in Figure 11. The first curve
(a) is the emf. impressed, the second curve (b) is the current
thru the condenser, and the third curve (c) is the current in the
inductance branch, this being drawn on the assumption that the
resistance of the coil is negligible with respect to its reactance.
The current flowing in the antenna (or line in which the infinite
impedance circuit is introduced) is obtained by adding the two
branch currents and is shown by the rectangular current (d)
of Figure 11. The amplitude of this rectangular current is the
same as the maximum value of the current flowing in the con-
denser; quite evidently the parallel path permits the flow of
a large current and so can scarcely be considered as having
infinite impedance, even for a pulse of the form most favorable
for the filtering action of the circuit.
The reason that the predicted impedance does not exist for
the impulsive emf. is this-the equations from which the value
of this infinite impedance are obtained neglect the transient
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terms and for impulsive forces these transient terms are the
whole solution.
FIGURE 1 1
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FIGURE 12
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In case the circuit of Figure 10 is relied upon to weed out
interference from a spark station it must be remembered that
at the beginning of every wave train there are transient terms
which do not obey the laws holding for the steady state. In
Figure 12 is shown what may be expected when the infinite
impedance circuit is excited by a damped wave of eiimf. The
current which flows in the antenna (in so far as it is lim-ited by
the infinite impedance circuit) is shown to be a quite appreciable
current, rising at once to the maximum current in the condenser
branch and then gradually dying away with slight ripples of the
interfering signal frequency. Such a current flowing in the
antenna coil of the receiving circuit would certainly be very
difficult to tune out.
SUMMARY: There is described an oscillographic investigation of the current
produced in an oscillatory circuit by a brief rectangular pulse of emf. directly
introduced into the circuit. The pulse length is regulable. It is found that
a pulse having a duration of one-half the natural period of the circuit pro-
duces the maximum disturbance. The bearing of the results on the effects of
strays in reception is discussed.
The behavior of "infinite impedance" loop circuits when subjected to
pulse excitation is studied, and it is found that for pulses their filtering action
is much reduced.
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